Background: Chronic diseases and multimorbidity are common in western countries and associated with increased breast cancer mortality. This study aims to investigate non-participation in breast cancer screening among women with chronic diseases and multimorbidity and the role of time in this association.
Background
Breast cancer is the second most common cancer type worldwide and the most common cancer type among Danish women [1, 2] . Breast cancer screening can detect breast cancer at an early stage where the prognosis for survival is better [3] . Breast cancer screening has therefore been introduced as a universal programme in many western countries. In Denmark, women between 50 and 69 years of age are invited biennially to a mammogram free of charge [3] .
A growing proportion of people are living with chronic diseases and multimorbidity [4, 5] . Studies have found that comorbidity increases the mortality risk among breast cancer patients [6, 7] which in some studies have been related to the comorbidities rather than to the breast cancer [6, 8] . Yet, the cancer prognosis depends on the disease stage at the time of diagnosis [3] , and given the increased mortality rate among breast cancer patients with chronic diseases, this group may benefit particularly from early diagnosis.
The association between chronic diseases, multimorbidity and non-participation in breast cancer screening has not been studied sufficiently [9, 10] . Some studies have investigated diseases individually and their results are not consistent [9] [10] [11] [12] [13] [14] . Five studies found that multimorbidity increased non-participation [9, 13, [15] [16] [17] , but Heflin et al. [10] found in their study that three or more conditions increased the propensity to participate.
Although chronic diseases are long-lasting by definition, patients may experience periods where the disease is not followed at hospital but rather by primary care, e.g., during a stable disease period [18] . We hypothesised that being diagnosed with diseases that involve hospital contact close to the screening date affects screening behaviour more than the presence of chronic diseases without recent hospital contact. To our knowledge, this issue has not been studied before.
This study has two purposes: first, to analyse whether being diagnosed with specific chronic diseases or with multimorbidity is associated with non-participation in breast cancer screening and, second, to study whether any such association varies with respect to the time that has elapsed since the disease required contact to the hospital sector with the investigated diseases. We hypothesised that women with chronic diseases and multimorbidity were more likely not to participation.
Methods

Setting
The setting for the study was the Central Denmark Region (1.2 million inhabitants, approx. 150,000 women aged 50-69). Breast cancer screening was introduced as an organised, universal and free-of-charge programme in 2008-09 in the Central Denmark Region where 78.9 % of the invited women participated [19] .
Study design and population
We conducted an observational, registry-based, historical cohort study with screening participation as the outcome and we assessed registrations of chronic diseases up to ten years before the scheduled screening date. The population comprised women invited to the first organised breast cancer screening round in the Central Denmark Region in 2008-09 (N = 149,234) and we excluded women who were dead or have moved between the invitations were send out and the screening date or were outside the caption area (n = 324) and women with registration of breast cancer in the Danish Cancer Registry [20] (n = 4,646). In total, 144,264 women were included; see more information in our previous publication [19] .
Data collection and variables
Information on participation in breast cancer screening was obtained from a regional administrative database containing individual information on, e.g., participation status, the scheduled screening date and the unique central registration number (CRN) possessed by all Danes [21] . The present study is based on data from the prevalent screening round in the Central Denmark Region. Hence, a woman was defined as a participant if she had participated in the first organised breast cancer screening round in the Central Denmark Region and as a nonparticipant if she had not.
All data described in this section were linked using the unique CRN number [21] .
Data on chronic diseases were drawn from the Danish National Patient Registry (NPR) [22] . The registry was founded in 1977 and initially included admission information. Since 1995, the registry has expanded to include information on all outpatient and emergency contacts. All contacts are registered with a main diagnosis (i.e. action diagnosis) based on the International Classification of Diseases, 10th version (ICD-10) [22] . Data on psychiatric diseases were drawn from the Danish Psychiatric Central Research Register (PCRR). All Danish psychiatric departments document every contact to the PCRR, and ICD-10 codes for each hospital admission, outpatient and emergency contacts were available for the entire study period [23] .
The chronic diseases of interest were selected based on a recent literature review [24] , which recommended the inclusion of 11 core chronic diseases when assessing multimorbidity. Based on their recommendations and another study in the field [25] , we included a larger number of specific chronic diseases and grouped these diseases into 11 comprehensive chronic disease groups (CDGs) on which data were drawn from the NPR and the PCRR. The following CDGs were included: diabetes, hypertension, cancer, chronic obstructive pulmonary disease (COPD), cardiovascular diseases, chronic arthritis, chronic kidney disease, chronic liver disease, chronic neurological disorders, chronic bowel disease and chronic mental illness (Additional file 1).
Multimorbidity was operationalised as follows: "Multimorbidity" covers the co-occurrence of two or more chronic diseases from two or more of the CDGs. "Severe multimorbidity" designates the co-occurrence of three or more chronic diseases from three or more of the CDGs. "Physical multimorbidity" describes the co-occurrence of two or more physical CDGs, but without the mental CDG. "Physical-mental multimorbidity" signifies the cooccurrence of at least one physical CDG and the mental CDG. Thus, a woman could be categorised as having more than one type of multimorbidity; e.g. severe multimorbidity and physical multimorbidity. Finally, we measured "disease counts" within the categories: 0, 1, 2, ≥3 CDGs, with the latter category being combined due to few occurrences.
Study participants were categorised with one of the diseases mentioned above if they had an emergency contact, an outpatient contact or an admission with one of the selected diseases to any Danish hospital during the 10 years period before screening. We intended to study if an association varied with time as we hypothesised that the likelihood of non-participation would be stronger for women with a chronic disease requiring hospital attention in the period leading up to screening compared to women with chronic diseases that did not require hospital attention in the period leading up to screening. Because of this, data on the 10-year follow-up were stratified into two time periods which were not mutually exclusive: (1) any hospital contact with the included chronic diseases ≤2 years (i.e. 0-730 days) before the screening date; and (2) hospital contacts with the included chronic diseases >2-10 years (i.e. 731-3652 days) before the screening date. Thus, a woman could be categorised in both groups if she was registered in the NPR or PCRR with a given disease in both time periods. E.g.55 % of all women was registered with rheumatoid arthritis in both time periods (data not shown).
We obtained individual data on the population's socioeconomic position (SEP) registered the year of the scheduled screening date from Statistics Denmark [26] and included: ethnicity categorised as 1) Danish and descendants of immigrants and 2) immigrants. Marital status was categorised as married/cohabitating and single. Education was classified according to the UNESCO classification [27] as low (≤10 years), middle (11-15 years) and higher (>15 years). Finally, age on the date of the scheduled screening was included as a continuous variable in the multivariate analyses.
Finally, almost all Danish citizens (98 %) are listed with a specific general practitioner (GP) or general practice [28] , and data on GP attachment were obtained from the Danish National Health Service Registry which was used to do cluster adjustments by GP affiliation.
Statistical analysis
All analyses were performed using Stata 13.1. Prevalence ratios (PRs) with 95 % confidence intervals (95 % CI) were estimated using generalised linear models (GLM) [29, 30] . PRs were chosen over the odds ratio, as it has been found to overestimate associations when the outcome is frequent [30] .
Unadjusted analyses were conducted for each of the CDGs. We compared women having each specific CDG with women without the CDG in question. In model 1, we adjusted for SEP (ethnicity, marital status, education and age). In model 2, we adjusted for the variables in model 1 (SEP) and for the coexistence of the other included diseases. We also hypothesised that an association between one given disease and non-participation in one time period could be confounded by having chronic diseases in the other time period. Therefore, we also adjusted model 2 for being registered in the NPR or PCRR in the other time period.
Unadjusted analyses were also conducted for the multimorbidity variables. Model 1 adjusted for SEP (ethnicity, marital status, education and age). Model 2 adjusted for the variables in model 1 (SEP) and for being registered in the NPR or PCRR with multimorbidity in the other time period. E.g. when studying severe multimorbidity >2-10 years before the scheduled screening date, we adjusted for SEP and for having severe multimorbidity in the period ≤2 years before the scheduled screening date.
We assessed the association between the latest hospital contact with either of the included diseases and nonparticipation with a cubic spline model, using the method proposed by Orsini and Greenland and knots were set at 5, 27.5, 50, 72.5 and 95 percentiles [31, 32] .
All analyses were assessed with robust variance estimates to adjust for clustering of patients in general practices. This was done as practice clustering might be related to the propensity to be diagnosed with a chronic disease and also to participate in breast cancer screening [33] .
Ethical approvals
No ethical approval was required according to Danish legislation and the National Committee on Health Research Ethics in the Central Denmark Region as the study was based on registry and survey data (j. no. 181/ 2011). Approval for data on screening behaviour was granted from the Central Denmark Regions legal department (j. no.: 1-16-02-109-09) and permission for the national registry data was granted from by the Danish Data Protection Agency (j. no.: 2009-41-3471).
Results
Study population social-characteristics
A higher non-participation proportion was found among women in the oldest age group, single women, women with non-Danish origin and with low education (Table 1) .
CDGs and non-participation in breast cancer screening
In total, 20.3 % of women without a chronic disease did not participate in the first screening round whereas 28.6 % women with minimum one of the chronic diseases did not participate (Table 1) . For most of the CDGs, women who had a chronic condition were more inclined to abstain from participation than women who had no chronic diseases except for hypertension and chronic arthritis. The participation proportion was higher for women with chronic bowel disease than for women without chronic bowel disease (Table 2) .
In model 2, having cancer, mental illness, COPD, chronic neurological disorder and chronic kidney disease significantly increased the likelihood of non-participation in both time periods, whereas having bowel disease increased the likelihood of participation (PR model2 = 0.75, 95 % CI: 0.65-0.88) ( Table 3) . Diabetes was insignificantly related to screening ≤2 years before the screening date; but if the latest hospital contact was between >2-10 years before the screening date, women with diabetes were significantly less likely to participate. For women with chronic liver disease and cardiovascular disease, non-participation became insignificant in model 2. Hypertension and chronic arthritis were significantly associated with higher participation if the last hospital contact was >2-10 years before the screening date, but not if it was ≤2 years before screening (Table 3) .
Multimorbidity and non-participation in breast cancer screening
Overall, non-participation was more common among women with multimorbidity and a higher disease count (Table 4 ). In the regression analyses, the disease-count variable showed an increased non-participation likelihood with each additional disease compared with no disease (e.g. 3 diseases: PR model 2 = 1.58, 95 % CI: 1.27-1.96) ( Table 5 ). Women with any of the multimorbidity aspects were significantly more likely not to participate than were women without multimorbidity. This applied in both time periods, but the estimates were highest for hospital contact ≤2 years before the screening date. In general, the associations between the different types of multimorbidity and non-participation were largely similar. However, having severe multimorbidity (≥3 diseases) was associated with a somewhat higher non-participation propensity (PR model2 = 1.53, 95 % CI: 1.23-1.90) than having multimorbidity (≥2 diseases) (PR model2 = 1.38, 95 % CI: 1.29-1.49). Non-participation likelihood was also somewhat higher for women with physical-mental multimorbidity than women with physical multimorbidity (PR model2 = 1.54, 95 % CI: 1.36-1.75 and PR model2 = 1.37, 95 % CI: 1.26-1.49, respectively) ( Table 5) .
The association between the latest hospital contacts with any of the included diseases indicated a nonlinear association. Non-participation was highest when the latest hospital occurred in the year leading up to screening and the PR of non-participation did not differ markedly if the latest hospital contact occurred 6 or more years before screening (data not shown).
Discussion
This large population-based cohort study revealed that women with cancer, mental illness, COPD, neurological disorders or kidney disease had an increased likelihood of non-participation in breast cancer screening. The likelihood of non-participation increased with the number of co-existing diseases and was particularly high for women with severe multimorbidity and mental-physical multimorbidity. The associations were in general strongest when the women had hospital based contacts with the disease in the period ≤2 years before screening compared to when the contacts had occurred > 2 to 10 years before screening. Sub-analysis indicated that the likelihood of non-participation was affected the most if the latest hospital contact occurred up to one year before screening.
Strengths and limitations
Data on screening participation were obtained from an administrative registry with no missing information and no reliance on self-reported data. The cohort comprised a well-defined population, i.e. the prevalent screening round in the Central Denmark Region; and using the CRN, we were able to identify and follow the entire population and can therefore exclude selection bias. We included chronic diseases as registered in nationwide registries containing information on all hospital-related contacts in Denmark [22, 23] . The validity of the registries has been established for several of the included diseases [34] [35] [36] . However, these registers do not contain information on treatment in general practice; thus the results of this study apply only to patients with hospital-requiring treatment. Patients who are treated only in general practice will in our analysis appear in the reference group but because our reference group is very large this proportion will presumably be small and will probably not affect the results markedly. As no Danish registers contains data on routine treatment from general practice, it was not possible to study or adjust for this in the present study. In this study, chronic diseases and multimorbidity were specified based on leading studies in the field [24, 25] . However, generalisations cannot be made about chronic diseases in general as the study included only some and not all existing chronic diseases. The chronic diseases that were selected were categorised into groups of chronic diseases (see Additional file 1) since we believe that the practical implications of the results would be relevant to more people. Moreover, combining, e.g., several mental diseases with a varying degree of severity and chronicity might lead to less nuanced findings for this group of patients. Chronic liver disease Adjusted for age, ethnicity, marital status, education, for being registered in the NPR or PCRR with the other studied chronic diseases, and for being registered in the NPR or PCRR with one of the CDGs in the other time period (yes/no). E.g. cancer 0-2 year before screening is adjusted for SEP, for the remaining 10 studied diseases and for being in hospital contact with one of the 11 included chronic disease groups >2-10 years before screening Statistically significant results in bold
Chronic diseases, multimorbidity and screening behaviour A previous cancer diagnosis (other than breast cancer) was related to non-participation in both time periods. Several explanations for this finding can be suggested. First of all, some women may have attended a postcancer follow-up programme and therefore did not find it relevant to participate in screening. Others may have been too ill to participate, or they may have been in a palliative phase. Some may have been unrealistically optimistic [37] and may not have perceived themselves as being at risk of being diagnosed with yet another type of cancer. Conversely, others may have avoided anything relating to cancer because of the trauma experienced by having the first cancer diagnosis. Notwithstanding, it has been shown that some previous cancer types increases the risk of developing later breast cancer [38] [39] [40] , which makes these results important as this group may benefit particularly from early detection of cancer.
Having chronic bowel disease was the only CDG that significantly increased the propensity to participate in breast cancer screening in both time periods. Chronic bowel disease often has an early onset in life compared with the other included diseases and being diagnosed with this disease often involves continuous health-care follow-up. These women may therefore have been 'schooled' from early on in life to engage in healthy lifestyles and may be used to having various contacts with the healthcare system and undergoing tests [41, 42] . A study from 2014 also found higher likelihood of having followed a recommended breast cancer screening programme among women with digestive disease compared to women without any digestive disease [13] . Taken together, this seems to indicate that having a bowel/digestive-related disease has a positive impact on screening behaviour. Having cardiovascular diseases was not associated with non-participation after adjustments, a finding which is supported by other studies [11, 43] but not all [13] . Having hypertension, chronic arthritis and diabetes up to 2 years before screening were not associated with screening participation. However, if the latest contact was >2-10 years before screening, having hypertension and arthritis increased participation significantly, and having diabetes increased non-participation. The underlying mechanisms here are unclear, but they could, e.g., be related to these women's lifestyles, an issue which should be studied further.
This study shows that having multimorbidity increases non-participation. This is supported by five other studies [9, 13, [15] [16] [17] , even if one of these studies found an association for women ≥75 years only [17] . Another study, conducted in the USA and based on self-reported data, found the opposite; namely that multimorbidity increased participation [10] . The authors argue that women with multimorbidity have more frequent contact with the GP who plays a direct role in advising women to participate in screening in the USA [10] . However, the other studies which found the opposite were also conducted in the USA. The association between chronic diseases, multimorbidity and non-participation may be explained by several factors. Women with one or more chronic diseases may not feel well enough to participate, and the competing demands in relation to managing their chronic disease(s) may take up all their energy [9, 18] . It has also been raised as a possible explanation that non-participation among diseased women is based on deliberate decisions from the patient (or their GP) based on an evaluation of costs and benefits, taking into account the severity of the disease, reduced quality of life and shortened life expectancy [9, 15] .
This study is the first to include different time periods for hospital contacts. For most diseases and all aspects of multimorbidity, the estimates were strongest for the ≤ 2 year period before the screening date. Some studies have adjusted for e.g. "number of years with illness/in contact with clinic" or "number of contacts" [9, 13, 15, 16] , but no study has evaluated whether the associations depend on elapsing time since last hospital contact. Thus, these results add to the current literature as it highlights that non-participation is especially challenged when the woman is affected by the disease in the period leading up to the screening appointment.
This study clearly indicates that women with some of the studied chronic diseases and women with multimorbidity are not engaging in screening to the same extent as their female counterparts who do not have the selected CDGs and multimorbidity. As these women are more frequently in contact with the health care system, this may make it easier to inform them about the advantages of screening for early diagnosis. This group of women may also derive particular benefits from their general practitioner playing a more active role discussing with them the pros and cons of breast cancer screening.
Conclusion
In conclusion, this study indicates increased nonparticipation in breast cancer screening for women who previously have been in contact with the secondary healthcare system for some of the selected CDGs. Non-participation was strongly associated with having multimorbidity. Strongest associations were found when the hospital contacts for the diseases had occurred in the recent period before screening. Women suffering from chronic diseases or multimorbidity may achieve health gains from early detection of cancer owing to their participation in screening; and their participation could with possible benefit be encouraged by healthcare professionals. Adjusted for age, ethnicity, marital status, education, and for being registered in the NPR or PCRR with the studied multimorbidity in the other time period (yes/ no). E.g. severe multimorbidity 0-2 year is adjusted for SEP, and for being in hospital contact with 3 or more chronic disease groups >2-10 years before screening Statistically significant results in bold
